In a two-sector model we assume that production is performed with one mobile factor and two sector-specific CES labor composites of simple and complex tasks. Migrants and natives have different productivity when performing tasks. An inflow of migrants induces production restructuring in favor of the simple-task intensive sector (Rybczynski effect). Owners of the freely mobile factor gain from immigration.
Introduction
In the last decades industrialized economies in North America and in Europe (Continental and UK) have been the destination of many migrants coming from neighbor countries -like Mexico for the US, or North Africa and Eastern Europe for the European Union (EU) -and from more distant origins -for instance, China and South-East Asia.
The incidence of foreign-born population on natives has almost doubled on average starting in 1990 (not counting undocumented migration), but with many different patterns among the various destination countries.
When investigating the effects on the receivers, economists have been mainly interested in labor market issues (see Okkerse, 2008 , for a recent review). There is still an intense debate on the reaction of wages and natives' unemployment rates when the labor force increases due to immigration. In the US there is now a large consensus that only the low-educated segment of the labor market may be affected. 1 In Europe the effect is even more mitigated. 2 Our work focuses on another issue, that is the effect of immigration on the production structure in terms of sectorial recomposition.
According to the traditional theories of international trade, immigration can be considered as an increase in factor endowments that can give rise to different adjustments on the production side. The most relevant are the changes in production techniques or, alternatively, the changes in the production mix, also known as the Rybczynski effect.
As an attempt to link labor economics and international trade theory in the economic analysis of migration, we borrow from the recent literature in tasks and offshoring (see, for instance, Grossman and Rossi-Hansberg, 2008 ) that highlights the importance of labor services (or tasks) when considering the labor market. As natives and foreign-born are assumed to have different relative productivity in performing simple versus complex tasks, immigration is 1 Among the many articles on the subject, Borjas (2003) and Borjas and Katz (2007) found a significative effect on US wages, whereas Card (2007) does not confirm this finding. Ottaviano and Peri (2012) challenge the traditional approach by pointing at the imperfect substitution between natives and migrants in the detailed and fine segments (or cells) of the labor market.
2 See D'Amuri and Peri (2011) and D'Amuri and . They considered all segments of the European labor markets and not only the low-educated one, as in many other studies on the US. a comparative statics exercise that changes the relative endowment of the economy in terms of labor services and requires a change in the production structure under some given conditions. Previous studies that investigated the change in factor endowments implied by migration reached various conclusions in different frameworks. Hanson and Slaughter (2002) considered the local effect in the US states between 1980 and 1990, whereas Gandal et al. (2004) analyzed the particular case of the sudden inflow of migrants from the former Soviet Union in Israel in 1990. Although the two cases are different in terms of types of immigration -typically low-skilled Mexicans in the formers case, but highskilled Russians in the latter -the authors conclude for a more relevant role of the changes in production techniques rather than the change in the production mix. 3
Recent studies also emphasize the type of change in production techniques; in particular, whether there is an increase or a decrease in the capital-to-labor ratio. Accetturo et al. (2012) conclude for an increase in the ratio when using Italian manufacturing data at the firm level, whereas Lewis (2011) finds a tendency to slow the adoption of automated techniques in US metropolitan areas where migration has been more intense. Card and Lewis (2007) and Card (2007) find effects on the production structure, but claim that this occurs within sectors (or within firms) rather than between sectors. 4
In this paper we offer an additional contribution to this debate by building our analysis on the framework of labor tasks that has been used so far exclusively to look for the wage and the employment effects of immigration. 5 Let us recall the contribution by Peri and Sparber (2009) who also considered natives or foreign-born as individuals with different relative productivity in performing simple and complex tasks, but considered immigration only for its effects on a segment of the US labor market.
Although the structure proposed by Peri and Sparber (2009) (and the following papers) is 3 They relate their results to the debate on skill-biased technological change (STBC) in the US, or imported STBC in the case of Israel. 4 Instead, Bettin et al. (2012) find evidence of production recomposition in favor of low-skilled manufacturing when using firm-level data for the case of Italy in 2001-2003. 5 As mentioned above, these effects have been found statistically significant but not very strong, at least in the European case -D'Amuri and Peri (2012) report a 0.7 percent increase in native wages when the percentage of migrants over total population doubles.
innovative, we deem that a similar framework could be used to investigate whether immigration have affected the production structure of economies, like Italy, that experienced sudden increases in the foreign-born population. In our framework, this could be done still considering redistribution and wage effects.
Hence, the contribution of this paper is twofold.
First, we propose a two-sector version of the task-based model initially proposed by Peri and Sparber (2009) that resembles the traditional sector-specific model of international trade -see Jones (1971 ), or Feenstra (2004 . Besides the mobile (across-sector) factor, production in each sector requires specific bundles of tasks (named specific factors in the Jones model), where the specificity is due to the different productivity that each labor service has in each sector: simple (complex) tasks are relatively more productive in, say, the manufacturing (service) sector.
As a result, the production side of the economy resembles a traditional Heckscher-Ohlin-Vanek (HOV) framework, but with an explicit role for labor services. We assume that relative output prices are given as in a small open economy and the equilibrium variable becomes the relative production of the two sectors.
On the labor supply side, natives and migrants are assumed heterogeneous in terms of relative individual productivity when performing labor services. Similarly to Peri and Sparber (2009) , migrants are relatively more productive when performing simple tasks; therefore, since they are willing to supply relatively more simple than complex tasks, the inflow of new migrants causes an increase in the relative supply of simple labor services in the overall economy.
Differently from Peri and Sparber (2009) , since output prices are given, the relative wage of complex-to-simple tasks is given. Hence, the inflow of new migrants causes an adjustment in the production structure in favor to the simple-task intensive sector rather than on the relative wage of simple-to-complex tasks.
However, this does not hinder possible distributional effects. The assumption of constant relative output prices implies that the relative wage of simple-to-complex tasks remains constant. But the real and nominal wage of the so-called mobile factor can change and actually rises as a consequence of immigration. Hence, our framework encompasses the increase in wage dispersion that have been observed in many industrialized countries.
The second contribution of this paper is empirical as we test our model using Italian data.
In fact, when focusing on receiving developed countries, Italy stands out as an interesting setting. Immigration has been very rapid, notwithstanding the absence of colonial ties with the origin countries. From 1995 to 2006 (our sample period) immigration in Italy has increased by a factor of three. Moreover, the immigration has been very diverse in terms of origin countries and both our theoretical and empirical model will take account of these characteristics.
The effect of this shock on the production structure of the economy is identified by the local presence of migrants. More precisely, we used the data set of foreign-born work permits at the provincial level (NUTS3) starting in the mid-1990s, i.e. the years where the migration presence has become more relevant for the Italian economy.
Many other studies have used regional data within the same country in order to evaluate the effect of migration on wages and concerns about the use of regional data have been raised following the remark by Borjas et al. (1996) . This concern is less important in our case where the production structure can vary substantially among the regions of the same country.
Our main empirical findings are two and are encouraging according to the reduced-form estimation of our theoretical model. First, an increase in immigration rates (i.e. percentage of foreign-born on the total population of the province) raises the relative weight of the simple-task intensive sector, identified as manufacturing and construction. In terms of value added, a doubling of foreign-born presence in percentage terms causes an increase in the value added of manufacturing and construction relative to services by 4 percent.
We ought to notice that, although the time span we consider is quite short to observe changes in the production structure within an HOV model, our results are all significant, although the impact is small.
Second, all migrants are not the same and their productivity may not be that different when considering foreign-born individuals who are more similar to natives. We exploited the large variety in the origins of the immigrants who arrived in Italy in the last two decades and considered the country of origin as a possible indicator of this difference -in terms of GDP per capita or in terms of percentage of migrants in Italy with primary, secondary or third educational degree.
When dividing countries in terciles -low, medium and high GDP per-capita origin countries, or origin countries with a prevalence of migrant in Italy with primary, secondary or tertiary education -our results are even more robust. Indeed, the increase in relative value added of the simple-task intensive sector is still significant and stronger when considering only more diverse migrants (i.e. coming from low-income countries or mainly low-educated). Instead, when considering more similar foreign-born populations (i.e. coming from high-income countries or mainly with a third educational degree), the effect is not significant anymore.
Results are confirmed and even stronger in magnitude when considering low-tech versus high-tech exports. The relative increase in the value added of low-tech exports is 17 percent for a doubling of foreign-born percentage over the total population. No effects are found when considering an increase in migrants from countries with high GDP per capita or origins of more highly educated migrants.
A typical well-known problem when searching for the effect of migration to the production structure, as well as on wages, is the possible reverse causality. Our model makes no exception.
In our case we opted for a dynamic system-GMM method. We refer to Sections 5 and 6 for a thorough discussion on the advantages of this estimation method and the related results we obtain.
The remaining sections of the paper are organized as follows. In the Section 2 we present some characteristics of the immigration into Italy by pointing out why this is an interesting setting to study the effect of migration on the production structure. Moreover, we provide some new evidence on the task content of the sectorial dichotomy between simple-task and complex-task intensive sectors. The theoretical framework is illustrated in Section 3 where we derive the comparative statics for the increase in the foreign-born population. The data we use are discussed in Section 4, whereas Sections 5 and 6 present respectively the econometric issues related to our estimation and the empirical results with some robustness checks. Section 7 concludes with a discussion on the interpretation of the results. Three appendices illustrate the derivation of the task content of sectors, an extension of the theoretical model and some robustness checks for the empirical part.
Italy: An Interesting Natural Experiment
Italy has been known for many decades as a departure rather than a destination country.
Indeed, Italian emigration has been one of the most massive in history, especially before the First World War (in 1913 the emigration rate was 18,7 per 1,000 residents), and continued quite intensively till the beginning of the 1970s. In the mid-Seventies the emigration rate drastically decreased, net immigration rates became positive although very small till the beginning of the 1990s when the phenomenon picked up.
Migration in Italy has been characterized by two relevant facts. First, it has been a very rapid phenomenon. Second, due to absence of strong colonial links, migration into Italy has been highly diversified in terms of origin countries, more than in any other European country (currently 189 nationalities are present on the Italian territory).
Non-native presence has tripled in slightly more than a decade. Foreign-born individuals increased from 1.4 million in 2002 to 4.6 million in 2011, which equals 7.6% of the Italian population. Figure 1 reports the rising stock of foreign-born presence in 1995-2006 as measured by the number of residence permits, which are the data we use in this paper.
The increase is not smooth and the sudden changes are referred to the effects of three main amnesties that occurred during the period 1995-2006. The amnesties came together with new migration laws: (a) a first amnesty occurred in 1992 after the first relevant change in the immigration law (citizenship requirements were also extended to 10 years of residence from the original 5 years); around 250 thousands regularized migrants; (b) the second amnesty occurred in 1998 with the introduction of a new migration law (so called Turco-Napolitano law); migrant's residence permits were not strictly linked to labor contracts and expulsions with deportation of the illegal migrants back to their origin country were excluded (unless there were bilateral agreements, as in the case of Albania); around 200 thousand regularized migrants; (c) the third amnesty occurred in 2002 together with a stricter law (the Bossi-Fini law), which required the pre-existence of a labor contract to enter and stay in the country; around 640 thousand regularized migrants. 6 When investigating more thoroughly this rapid increase in foreign presence, two characteristics ought to be noticed: first, the quick change in the wide composition of migration by country of origin; second, the uneven geographical localization.
Regarding the origin of foreign-born, most migrants were coming from richer countries in 1995, whereas in 2006 the stock composition completely changed. Figure 2a reports the composition of migrants by ranking countries of origin with GDP per capita (in year 1995), more prcisely, by grouping countries in terms of terciles of GDP per-capita. Figure 2b shows that the 1995 distribution is slightly skewed towards richer origin countries: 1/3 of the migrants were arriving from economies with high per-capita GDP, which was bigger than the percentage for origins from low per-capita GDP. This picture is reversed starting in 2000 and even more drastically in 2006. In 2006 over 90% of foreigners with regular residence permits in Italy were born in countries with less than 8,000 US$ per capita.
The second important characteristic is the geographical uneven distribution of migrants in Italy. Migrants tend to settle down where pull factors -like favorable conditions of the labor market, availability of public services, network linkages with previous migrants of the same or similar nationalities -are stronger. From this point of view, the dual characteristic of the Italian economy explains very well why the overall majority of migrants locates in Center or Northern Italy (see Figure 2b ). Hence, given the wide variation of countries of origin and high variability in migrants' location, we deem that the Italian case offers a double type of variability to study the effects of migrants' arrivals and presence on the economic structure, i.e. the sector composition and weights. Furthermore, Figure 3 reports the sectorial distribution of migrants and natives for the years 2005 and 2006. 7 Foreign-born are proportionally more represented in the industrial sector and especially in construction; although still relevant, migrants' employment share in the different types of services is lower than in the case of natives.
In the same Figure 3 we also report the relative weight of each sector in total Italian GDP. As presented below, according to our theoretical framework some sectors will not be considered in our empirical model. This is not relevant for our analysis since the disregarded sectors are not intensive in terms of migrants' employment or are negligible for total GDP (e.g. the Agriculture sector).
The definition of intensiveness in terms of simple or complex tasks could be heuristic and based on common wisdom, especially when considering large sectorial aggregations as in our case while using detailed local data. Based on the computations shown in D'Amuri and Peri (2012) for the task content of the different occupations (see their Tables A2 and A3 ), we obtained the simple/non-simple content of our two major sectors (i.e. industry plus constructions and services) by weighing the task content of each occupation with the employment in each sector. The task content is represented by the (average) percentile of employment performing that type of task less intensively. For instance, in Figure 4 the score 44 for Industry in the first group of histograms (Complex tasks) means that 44 percent of all the workers in the economy was performing complex tasks less intensively than in Industry. Hence, the higher the percentile, the more intensive that sector is in that particular task. The ratio complex-to-simple tasks is represented in the last group on the right-hand-side. Industry/Manufacturing (including constructions) has a complex-to-simple ratio lower than the one for the total economy and of the Service sector. As it is explained in Section 4, we will use a stricter definition of complex-task intensive sector by excluding personal and household services from the large Service sector definition. This means that the complex-task intensity would be even stronger than the one represented in Figure 4 . A further discussion on the data is reported in Section 4.
Theoretical Framework
Let us consider two sectors, manufacturing (M ) and services (V ), and assume that the two production functions are well-behaved Cobb-Douglas:
Output Y j in each sector j = M, V is produced with two different inputs: (a) the factor H, which is freely mobile between the two sectors, and (b) the specific factor N j , which is characterized by a sector-specific composition of labor services. The setup is similar to the Ricardo-Viner specific-factor model -see Jones (1971) , or Feenstra (2004) (p.72). The elasticity of output to the mobile factor H is the same; the two sectors differ because of the TFP parameter A j and the different composition of the factor N j as discussed below.
The mobile factor H can be traditionally interpreted as capital, but it can be any type of production factor that is in fixed supply in our market (being the province in our case), but that can be used by both sectors, i.e. land, a general type of labor, public services, etc. 8
The demand for H in each sector is given by its marginal productivity:
Given the sector mobility, arbitrage implies that the nominal remuneration of H be equal in the two sectors; hence:
As a consequence, the relative production is simply a function of the relative output price and the relative specific-factors supply:
Let us assume for now that the relative price is fixed since, for instance, it is given from abroad (we assume a small-open province or region or economy).
Let us name W H the nominal "wage" of the mobile factor H, and W j for j = M, V the nominal "wages" of the two specific factors. From the Cobb-Douglas characteristics:
Therefore:
Hence, a given relative output price implies a given relative "wage" of the specific factors. 9
Another important consequence of (1) (and given relative prices) is that the dynamics of relative output is fully determined by the relative quantity of the two specific factors, which are composite indexes of labor services (or labor tasks).
The composite factor N j is a sector-specific input because of its composition in terms of labor services. We consider two different types of labor services: simple manual tasks (S) and complex (abstract, communication intensive) tasks (C). The labor services are then combined differently in the two sectors via a CES aggregation as follows:
where the coefficient β j represents the relative productivity of simple to complex tasks and we assume that simple tasks S are relatively more productive in the M sector, i.e. β M > β V .
The elasticity of substitution between tasks is equal to σ and does not change between the two sectors. Then:
Equation (4) shows that the relative quantity of the two specific factors depends on the two ratios c M and c V , and on the ratio S M S V . Ultimately, also relative output depends on the same three ratios.
Roadmap
In this model labor services could travel between the two sectors via workers (whose relative task supply is defined later) and there exist one single market for complex tasks and one for simple tasks. In other words, the specificity of the factors N M and N V depends only on the relative productivity of the two tasks in the two sectors. Hence, the two specific factors N M and N V are labor task composites and the equilibrium quantities of each specific labor composite in each sector is determined by the equilibrium values of each labor task from each sector.
As shown below, the relative price of labor services is linked to the relative wage in the two sectors and, ultimately, by the relative price of output. As cleared up below, the relative demand for labor services in each sector depends only on the relative wage. When the relative wage is given (as in our case because we assume given relative output price), then the relative supply of total labor services is given, as well as the two relative demands of labor services from each sector. Given the relative wage of tasks and given both the functional forms of the task supply and of the M and V demand for tasks, the only variable to be determined is the relative weight of each sector, i.e. the ratio S M S V and ultimately the output ratio. Any exercise of comparative statics will have a direct effect on the relative output ratio.
The relative wage of tasks
From the CES characteristics, the "wage" of each composite factor is the following:
and ω ≡ ω σ−1 . Hence:
and this implies:
As expected, when the relative price of output is given, then not only the relative "wage" of the two specific composite factors is given, but also the relative "wage" of the two types of labor services that form the composite labor factors.
Relative demand for tasks
Workers are assumed to freely move between the two sectors, which implies that labor services are freely-mobile between the two sectors since they travel with workers. 11
It is easy to obtain the sectorial relative demand for complex tasks as a function of relative task wages, ω ≡ W C W S :
10 A final observation on the determination of the relative wage ω concerns the condition of economically meaningful value, i.e. for ω > 0. In order for ω to take a positive value, we need a condition on the relative wage of the composite factors, which implies a condition on the relative output price:
We ought to notice that our estimated model is based on local labor market (using data at the provincial level); so, this latter hypothesis translates into a plausible "free workers mobility within the province".
Since β M > β V for any given relative task wage, the service sector is always complex-task intensive with respect to the manufacturing sector:
The total relative demand for complex tasks is then:
s+1 is the weight of the demand for simple tasks from the M sector and increases when s = S M S V increases.
Relative supply of tasks
By following Peri and Sparber (2009) , let us consider two types of individuals k = D, F respectively for native (D) and for foreign-born (F ). Each individual is endowed with 1 unit of labor and has to decide how to optimally allocate it between simple and complex tasks.
Being l k the fraction of labor unit devoted to simple tasks, then s k = (l k ) δ χ k is the amount of simple services that individual k can provide -where χ k is a measure of productivity in simple tasks by k and 0 < δ < 1. 13 Hence, the total wage generated is given by
Similarly, the remaining fraction of labor unit devoted to complex services generates the wage
where κ k is a measure of the ability in complex services by individual k.
Hence, the total wage of individual k from the allocation of its labor unit is the following:
Let us assume that natives are relatively more productive in complex tasks: 14 κ D χ D ≡ π D > 12 We have absence of task-intensity reversal. 13 As explained in Peri and Sparber (2009) , the restriction on the δ parameter captures the decreasing abilities in the tasks and avoid full specialization. 14 Peri and Sparber (2009) introduce also a parameter that may capture wage discrimination between natives π F ≡ κ F χ F . Wage maximization determines the optimal allocation of the labor unit and the relative k-individual supply of tasks is the following:
for k = F, D. Not surprisingly, for the same relative wage a native individual D supplies relatively more complex tasks and this is due to the fact that natives are relatively more productive in complex tasks.
We obtain the relative supply of tasks by weighing with the fraction of foreign-born supply of manual services:
When f increases there is a recomposition effect in favor of simple labor services and for any given relative wage there is a decrease in the relative supply of complex-to-simple tasks;
and foreign-born, as shown by the literature on wage differentials. However, this parameter is not relevant for the solution of our model and can be omitted. D'Amuri and reformulate the optimization problem as utility maximization and assume that simple services are disliked relatively more by natives. They model it as a fraction 0 < d k < 1 that decreases the positive effect on utility of income that comes from manual services. For sake of simplicity, we omit also these dislike terms. They would only increase the number of parameters without any further insight on our proposition.
Equilibrium
Equilibrium in the markets for tasks is obtained in relative terms by considering the demand and supply of complex-to-simple labor services and the relative wage of complex-to-simple labor services.
As shown in Section 3.2, when the output price ratio is given at p * , the relative wage of the specific factors is given, as well as the relative wage of labor services ω (2) and (5). Therefore, the relative supply C S from equation (10) is determined:
In equilibrium total relative supply is equal to total relative demand, as given from equation (7):
where the unknown is the relative weight s, i.e. the relative weight of the M sector:
where
Increase in Foreign-Born Residents
Let us consider an increase in the fraction f of foreign-born residents. Figure 5 : Effect of the increase in f in the complex-to-simple-tasks ratios.
Equation (11) shows that when f rises the relative supply of overall complex tasks lowers.
Since the relative wage does not change, then the relative demand must decrease of the same amount.
The two sectorial relative demand for complex-to-simple labor services depends only on the relative wage of tasks that does not change. Hence, the only reduction in total relative demand can occur via a recomposition of the total demand that occurs by an increase in the weight to the less complex-task intensive sector, i.e. the M sector.
Formally, it is easy to see in equation (12) Figure 6 : Effect of the increase in the f in the market of the "mobile" factor H.
relative demand for tasks in the two sectors are also constant and equals to C S * M and C S * V . The decrease in the overall relative demand for tasks is then possible only by means of a larger weight to the M sector, i.e. the sector with the lower requirement of complex-to-simple-task ratio at the current relative wage.
Redistribution and Welfare
The inflow of foreign-born residents has an effect also in the market of the (within-area) mobile factor H. In particular, the rise in f induces an increase in the relative demand for the mobile factor H from sector M . As shown in Figure 6 , the upward shift from V M P H M to V M P H M implies that employment of the mobile factor in sector M increases -H M rises. Since the quantity of mobile factor is given, employment of this factor must decrease in the V sector -
Overall, the inflow of migrants represents an increase in resources that alters the quantities in the specific factors. Given the constant returns to scale technology in both sectors, the mobile factor becomes scarcer and its nominal "wage" increases. In Figure 6 the upward shift in the V M P H M schedule causes also the rise from W 0 H to W H .
Hence, although the hypothesis of constant output relative prices implies a constant ratio in the relative wage for the specific composite factors of the two sectors, the model can still envisage a redistribution effect. Indeed, the mobile factor H becomes scarcer and its remuneration increases not only in nominal and real terms, but also in relative terms with respect to the remuneration of the specific factors.
This is a well-known effect in the traditional specific-factor model. In our framework there is a redistribution effect in favor of the mobile factor, which gains from migration.
When measuring welfare as directly proportional to the wage, 15 it is easy to show that total welfare in the economy increases since the wage of the mobile factor H increases, natives are not affected and the new foreign-born residents are likely to gain a higher wage than at the origin.
Final Considerations
To conclude, differently from the one-sector model of Peri and Sparber (2009) and D'Amuri and the adjustment in the model works via a sectorial recomposition in favor of the simple-task-intensive sector and not via an increase in the relative wage of tasks.
However, although we assume that relative prices of manufacturing to services is constant and, as a consequence, also the relative remunerations of tasks, our model encompasses also a redistribution effect which works in favor of the mobile factor.
In the Appendix B we extend the model to multiple nationalities of foreign-born that we also consider in the estimation.
Data and Descriptive Statistics
The main objective of this paper is to analyze the impact of migration 16 on the production and the export structure of the Italian economy over the period of more intense and significant increase in foreign-born presence, 1995-2006.
The analysis is conducted at the level of Province, i.e. NUTS3. 17
We deem Province as the finest geographical entity to investigate the migration effects and this choice is justified by two main reasons. First, detailed data on residence permits, including origin countries, are not available at a finer level than the Province. Second, the fact of being well-confined areas allows us to avoid the size effect of the Modifiable Area Unit
Problem (see Briant et al. (2010) on the issue). 18
Regarding migration, we use data on residence permits (see the Figure 1 above) In Section 2 we have already underlined the two main characteristics of the Italian immigration: rapidity and cultural diversity.
Data on the local production and export structures are publicly available on a yearly base from the ISTAT. In details, production data are aggregated value added for six macro-sectors:
agriculture, construction, manufactures, retail and professional services -i.e. logistics, ICT etc. -financial services, household services. While our series of manufactures coincides with the aggregate originally reported by ISTAT to which we add constructions, 20 our definition 17 The number of Province increases over the sample period due to the creation of new provinces. We use data that consistently refer to the initial 1995 distribution with 103 entities. We recall that the 103 Italian provinces have an average size of km 2 2,800 with a coefficient of variation at 0.17. They are 57 times tinier than American states and more than 200 times smaller than the Canadian provinces. They are also smaller and more regular in size with respect to French metropolitan départements and Spanish provinces.
18 This same geographical entity is used in Bratti et al. (2012) for an analysis of the pro-trade effect of migration and in Jayet et al. (2010) to study the network effect on Italian migration.
19 They slightly differ from the data on population registers since minors are not counted separately and are included in the residence permits of their custodians. Data on residence permits are released by ISTAT (Italian National Institute of Statistics), but they refer to data from the Ministry of the Interior through their local offices (Questure). 20 From Figure 3 we notice that the construction sector is important because the employment share of of services includes retail and professional services, financial services, but excludes household services in order to consider a subset that could plausibly be considered as complex-task intensive.
Export data are till obtained from ISTAT and are flows which are obtained by using the Italian version of NACE rev2.
Our dataset for production covers the period from 1995 to 2006, while sectoral export series starts from 1997. In Table 1 we report some general characteristics of the provinces, including some general infrastructure indexes that may be important to control for the local economic environment. Note: Serv/M anuf represents the service sector value added over manufactures, M igrants reports the number of foreign born residents over the overall population (1000 inhabitants); Density is the number of residents by squared km, Graduates is the number of college graduates over the population; Airports and Highways are measured as the runaway/road extension per squared km. All the variables are referred to the province level.
Econometric Strategy
We estimate the causal impact of an inflows of migrants in province i at time t -measured by a change in the ratio of the foreign presence to the total province population -on the relative value added of manufacturing over services.
Many other studies have used regional data within the same country in order to evaluate the effect of migration on wages. 21 Concerns about the use of regional data have been raised foreign-born is particularly relevant, although the total weight in GDP is lower than 10 percent. Estimation results not including the construction sector are similar to the ones presented below and are available from the authors upon request. 21 See, for instance, Glitz (2012) for Germany and González and Ortega (2011) for Spain.
following the remark by Borjas et al. (1996) that regional variability of wages within the same country could be too low since there may be a lot of co-variation due to nation-wide effects.
This concern is less important in our case where the production structure can vary among the regions of the same country. Moreover, a possible (but very unlikely) nation-wide effect may work against our possible findings. According to our model, an inflow of migrants generates an overall positive effect on the relative value added of manufacturing. A variation in the migrants-to-natives population ratio is assumed as a reliable indicator for the changes in the composition of relative tasks supply.
This effect should be more intense when the new migrants are more diverse from natives in terms of relative productivity and hence the workers' distribution in terms of relative task productivity with respect to natives is more severely spread. Therefore, we want to investigate not only the overall effect of migrants' inflows, but also the separate effect of different types of migrants arriving in the Italian provinces -i.e. a change in the relative task supply referred not only to Equation (10), but also to Equation (16) as reported in Appendix B.
We use the logarithm of migrants-to-native population ratio in province i at time t,
Migr/Pop it , as our covariate of interest and specify the general econometric model as follows: 
Our dependent variable of interest (V A man /V A serv ) it is the ratio of the value added in manufacturing to the value added in service sectors in province i and time t.
Among the fixed effects and some of the covariates we must include variables taking into account that some provinces may show natural or historical advantages that may affect the relative value added by raising time invariant unobserved heterogeneity (Combes et al., 2011) .
The time effect represents time-specific factors that can influence the provincial value-added distribution, i.e. macroeconomic cycles, national political elections, national labor market reforms etc.
In order to estimate β 1 consistently, we need to address several econometric issues.
First, relative valued added is a structural variable and is very persistent over time -i.e. E( it | it−1 ) is considerably different from zero (Bond, 2002) . Estimation of a static model may not be suitable (Cassette et al., 2012) , instead a dynamic specification of our reduced form is more appropriate:
where X it is the vector of the other control variables, η i is a provincial fixed effect controlling for unobserved time-invariant heterogeneity and ν t is a time-specific fixed effect.
Second, as usually reported in the economic literature on migration, the covariate representing migrants' presence and location may not be orthogonal to innovations in the relative value added and there is simultaneous equation bias. Many reasons have been proposed.
Among those, migrants' location choices are not random; the drivers for these choices -e.g. network effects, economic magnet effects, etc. -vary over time and we need some kind of instrument to exploit the variation from these effects to relative value added.
Given the model in (14), it seems reasonable to employ a System-GMM estimatorà la
Blundel and Bond in order to consistently estimate β 1 overcoming also the problem of simultaneous equation bias. Such estimator provides several advantages.
First, it allows discussions over the identifying assumptions and a number of useful tests for exogeneity; moreover, it is quite robust to different hypotheses on the functional form.
Second, endogeneity issues can be addressed by using the same method and including a set of instruments Z it . In particular, Z it includes two-year lags of the potentially endogenous covariates, namely the lagged dependent variable and the migrants-to-native population ratio.
The vector X it contains a full set of controls for each province i at time t, namely the level of migrants (as a measure of time-varying attractiveness of the province by migrants), 22 the degree of urbanization (as residents per squared kilometer), the average education level of the population in the province (as the number of college graduates over the total population) and two measures on the quality of the province infrastructure (specifically the presence of airports and/or highways).
Over the period 1995-2006 there were three major amnesties which had a considerable impact on the migrant distribution. However, as typical for any such regularization, the actual presence of migrants dates to some periods back before they appear in the official statistics.
Hence, when including the incidence of illegal migration, the profile of the time series would become smoother, but the trend would not change. In order to control for that policy change we have included, in Z it , an amnesty dummy variable -which takes the value of one when the policy was implemented, i.e. in 1996, 1998 and 2002 -interacted with the growth rate in residence permits of the province i.
Finally, as an additional exercise to check for robustness of our results, we have also tested the theoretical model for the export structure. Intuitively, if a change of labor force composition in terms of heterogeneous individuals affects the relative supply of tasks in favor of simple tasks and, as a consequence, the production structure has changed, then we expect a similar outcome also on export composition.
A consolidated branch of the empirical literature has highlighted the positive effect of migrants on bilateral trade -see for instance Rauch (2001) and Rauch and Trindade (2002) .
While the aforementioned channels have been deeply scrutinized, less attention has been paid to the sectoral export composition.
In this latter estimation model we define a new dependent variable as the ratio of lowto high-tech exports at a province level, being this ratio positively influenced by the relative simple tasks and hence positively related to the migrants' weight in the province population: 15) 6 Estimation Results
In Table 2 we report the results for the dynamic specification (14). Along with our main covariate of interest, Migr/Pop, the estimated equation contains controls for the degree of urbanization, education composition and infrastructure endowment of each province i at time t along with a control for the overall level of migrants in the province.
In column (1) of This does not imply that the other sector is somehow penalized in the level. Indeed, in the regression we have also included the level of migrants in the province, i.e. the variable Migr (still in log), and the estimated coefficient is negative and marginally significant, hence indicating that the increase in migrants by itself does not lower the relative value added of services. Our interpretation of this result is that, when considering the total number of migrants, its increase has a positive effect also on household services, which are excluded in our definition of "services", but that may benefit natives who are relatively more productive in high-value-added services. Hence, when including the level of migrants, and not simply their ratio to the total population, we have an indirect positive effect on high-value-added services. 23 Robust SE in parentheses: * p < 0.1, * * p < 0.05, * * * p < 0.01. All regressions contain time dummies. In all the regressions the estimated model employs two-year lag on (V A man /V A serv ), and ln Migr/Pop as instruments (for the latter only the level is included); while for ln Migr the set of internal instruments spans from 2 to 4 lags. P olicyDummy is included in the set of exogenous instruments as well.
The robustness of our regression is evaluated with the classic tests after IV estimations.
The Hansen-J test ensures that the instruments are not correlated with the residuals for all our estimations. To check for weak identification we include the Kleimbergen-Paap rank Ftest for our instrumental variable estimations. Given the dynamic specification we need to employ an Arellano-Bond test, to prove that the residuals of the first-difference equations are not second-order correlated. An accurate choice of the instrument solves the problem of instrument proliferation (Roodman, 2009 ) and the number of instruments that we have used does not weaken the Hansen test statistic.
We have assumed that the economic structure is slowly changing and therefore empirically a dynamic model with the lagged dependent variable is the most appropriate. Our estimates
show that the first-order autoregression coefficient is very close to unity. Hence, we decided to check for the presence of a unit root.
When using the Im-Peasaran-Shin test the unit root could be excluded. 24
The Effect of Differentiated Migration
In order to check whether the composition of migration at the province level plays a role in affecting the local production, we disaggregate foreign-born residents in province i and time t into three classes according to the characteristics of their origin countries.
We have noticed that Italian immigration is characterized by a multitude of migrants in terms of their countries of origin (189 nationalities in our sample period) and we deem as interesting to exploit this additional variability of our sample. In particular, we assume that some characteristics of the countries of origin may approximate migrants' characteristics in terms of relative productivity when performing simple rather than complex tasks.
The theoretical model has shown that: the more similar the foreign-born residents to natives in terms of relative productivity while performing simple-to-complex tasks, the smaller the impact of a change in f to the local production structure. However, we do not observe task productivity of each worker; so, a possible rough proxy can be represented by the level of development of the origin country, as approximated by GDP per capita.
We are aware that GDP per capita is a very rough proxy. Hence, we use it simply to rank the origin countries and create three classes of migrants with low, medium and high complexto-simple-task productivity depending on their origin. By assuming that natives have a high relative productivity, the largest effect on the relative value added of manufacturing is expected when considering the migrants coming from countries with low per-capita GDP.
Indeed, the positive effect of migrants on the relative value added of manufacturing is magnified when we consider the composition by nationality of the foreign-born residents. In columns (2) to (4) of Table 2 we present the results associated with the percentages of the three different classes of migrants. More precisely, in Migr/Pop (low GDPpc) we consider only the migrants from the low-income countries, in Migr/Pop (medium GDPpc) only those from middle-income origins, and in Migr/Pop (high GDPpc) those from high-income countries. As predicted by the theoretical model and proposed in Equation (17), the response of the local production structure in favor of manufacturing to a change in the migrants' composition is higher, the more different is the relative task productivity between natives and migrants when imputed by differences in GDP per capita.
When looking at the magnitude of the point estimates, the a priori of the model is confirmed since the effect of an increase in the stock of migrants coming from low-income countrieshence, migrants assumed to have the highest relative productivity in simple-to-complex tasks with respect to natives -is stronger with respect to the effect of an increase in the other two classes of migrants -assumed to be characterized by medium and low productivity in relative simple tasks and which are the excluded groups in column (2). The point estimates associated with our variable of interest is 0.043 in this case. Instead, when we refer only to foreign-born residents from the high-income origin countries -see column (4) -the effect is no longer statistically different from zero, meaning that for such kind of migrants the effect on relative value added is not different from the excluded groups (coming from medium-and low-income countries). 25 26 Furthermore, we employ a different classification of foreign-born residents according to their imputed schooling attainment. In particular, we use the information obtained by Docquier et al. (2008) , who classify foreign-born residents in OECD countries by nationality and schooling attainment. 27 For each province i we consider the share of low-educated foreign workers aggregating the stock of migrants according to the source country share of primary school attainment. 28 Figure 7 shows that, as expected, the two variables -GDP per capita and education attainment of the origin country of the migrants in Italy -are highly correlated. 25 We consider each group in a separated regression with the aim of being more parsimonious and to avoid that the number of instruments raises too much. Such a concern is motivated by the structure of our panel, which reports only 103 different individuals -Italian Provinces, given the fact that the number of elements in the estimated variance matrix is quadratic in the instrument count (as in T ), a relatively finite sample, as ours, may lack adequate information to estimate large matrix. Table 3 reports the estimates of education-specific regressions using the Docquier et al. (2008) classification. As we can see from column (1), the coefficient associated with foreign workers with only primary education Migr/Pop (Primary Ed) -hence, migrants assumed to have the highest relative productivity in simple tasks -is highest on the relative manufacturing value added with respect to the excluded group (secondary and tertiary education); instead, in column (3) the one associated to the tertiary-educated migrants Migr/Pop (Tertiary Ed) is similar in magnitude but only marginally different from zero. Robust SE in parentheses: * p < 0.1, * * p < 0.05, * * * p < 0.01. All regressions contain time dummies. In all the regressions the estimated model employs two-year lag on (V A man /V A serv ), and ln Migr/Pop as instruments (for the latter only the level is included); while for ln Migr the set of internal instruments spans from 2 to 4 lags. P olicyDummy is included in the set of exogenous instruments as well.
The different estimates of the sub-groups between Table 2 and Table 3 may trigger two  possible interpretations. First, column (3) of Table 3 shows a positive impact of tertiary educated migrants on manufacturing rather than on services. A similar increase in tertiary-educated natives would very likely induce an increase in relative valued added of services rather than that of manufacturing. This may indicate some form of under-employment or brain waste of the migrants, which is well-known in the literature.
Second, the coefficient of the group with highest education attainment is small but significantly different from zero (0.038 in column 3 of Table 3 ), whereas the same coefficient is not significant when the same best group of migrants is obtained by using the highest 33% GDP per capita (-0.013 in column 3 of Table 2 ). This latter result is more in line with our model.
Hence, when believing in our model, migrants are employed in different tasks according to their relative productivities; since they are not directly observable, employment is decided with the signal provided by their countries of origin. When firms have to assign migrants to complex tasks and use the country of origin of the migrants as an identification of their characteristics, then it is the level of wealth of the country of origin, proxied by GDP per capita, that seems to count the most, rather than the country's level of school attainment.
For instance, an inflow of migrants from the Philippines -a country with a low GDP per capita, but with a relatively high school attainment -does not increase the relative value added in services because the Philippines are considered a low-income country and migrants from there are not considered capable and productive in complex tasks. Instead, they are assigned to simple tasks by increasing relative value added in manufacturing according to the results in Table 3 .
Our general results are confirmed also when we consider the ratio between low to high technology exports as the dependent variable 29 -see Table 4 . In this case the magnitude of the effect is much stronger when we consider only those workers which are more likely to provide simpler tasks with respect to natives, as in column (2) of Table 4 . Robust SE in parentheses: * p < 0.1, * * p < 0.05, * * * p < 0.01. All regressions contain time dummies. In all the regressions the estimated model employs two-year lag on (EXP low /EXP high ), and ln Migr/Pop as instruments (for the latter only the level is included); while for ln Migr the set of internal instruments spans from 2 to 4 lags. P olicyDummy is included in the set of exogenous instruments as well.
Similar results hold when we classify foreign-born residents according to the level of schooling, as in Table 5 . In column (1) we report the point estimates for the migrants with the primary level of education with respect to all the other foreign born. Again the impact is very strong, while the same coefficient considering only the highly-educated fraction of migrants is not statistically significant. Robust SE in parentheses: * p < 0.1, * * p < 0.05, * * * p < 0.01. All regressions contain time dummies. In all the regressions the estimated model employs two-year lag on (EXP low /EXP high ), and ln Migr/Pop as instruments (for the latter only the level is included); while for ln Migr the set of internal instruments spans from 2 to 4 lags. P olicyDummy is included in the set of exogenous instruments as well.
Concluding remarks
We have proposed a simple two-sector model with a common input (i.e. the mobile factor) and sector-specific inputs which are bundles of productive tasks. Tasks are supplied by heterogeneous workers -natives and foreign-born residents -who differ in terms of relative task productivity (besides an additional cost in doing simple tasks).
A reduced form can be obtained relating the relative output of the two sectors and the relative abundance of the two types of residents when assuming constant relative output prices.
This relationship resembles the traditional Rybczynski equation.
The model is tested for Italy, i.e. a peculiar case where immigration has been rapid and very diverse. More exactly, we used the 103 Italian provinces in the period 1995-2006 and evaluated the impact of the increase in the foreign-born presence on the relative value added of manufactures to services. By assuming that foreign-born residents had a comparative advantage in simple tasks and that manufactures are intensive in simple rather than complex tasks, we should observe a significant effect on the average provincial production structure in favor of manufacturing where immigration has been more intense.
Moreover, foreign-born residents are not all the same and we may find heterogeneity also among them. Italy is a very interesting case since its immigration has been highly diverse in terms of nationalities (189 nationalities). We split the foreign-born residents in different subgroups according the the level of GDP per capita and according to the education attainment of the different nationalities that arrived in Italy.
Our model is empirically confirmed since migrants coming from countries with lower GDP per capita or characterized by nationalities with lowest education attainment show a significantly higher effect on manufactures -i.e. the simple-task-intensive sector -rather than the other foreign-born residents.
Quantitatively, our estimates show that ceteris paribus when doubling the presence of migrants over the total population induces a significant, although small, switch towards manufactures -equivalent to 4.3% relative increase in manufactures with respect to services. Same result is obtained when considering migrants from countries with lowest GDP per capita or simply primary-educated migrants -when the assignment is done according to the distribution of education by nationality. Instead, a statistically insignificant effect is found for migrants coming from countries with high GDP per capita (according to their nationality).
The results are confirmed also on exports by distinguishing high-tech (i.e. complex-task intensive) and low-tech (i.e. simple-task intensive) exports. In this case the effect is much stronger: doubling the incidence of foreign-born residents in the total population of the province increases on average low-tech export relative value added by 16.8%; the increase is 15.3% when considering only migrants from countries with low GDP per capita and 17.2%
when considering primary-educated migrants.
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A Computation of Sectors' Task Complexity
The construction of Figure 4 is based on the Tables below. For these 8 main groups we have data on the number of employees for each sector, as reported in Table 7 . In order to obtain the aggregate score for each of the two sectors and the total economy, we weighted each one of the 8 occupation scores of Table 6 by the percentage of each type of occupation in the sector. For instance, Intellectual Professions with a score 70 for complex tasks have been included in the total computation of complex tasks with a weight equal to about 3 percent for Industry and 13.9 percent for Services, being 3 and 13.9
the percentages of workers reported doing Intellectual Professions respectively in Industry and
Services.
Besides all the possible measurement errors that occur with the simple averaging, we ought to remind all the caution that were also reported in D'Amuri and . First of all, the scores (as percentiles) are all referred to the US labor market for the year 2000. Source: D'Amuri and Peri (2012 , Table A3 ); our computations for the last two columns (simple averages of groups of occupations) 
B Immigration of Different Types of Individuals
Let us assume that foreign-born residents are not homogeneous, but they differ in terms of relative productivity in complex tasks. For simplicity, let us assume that there are two types of foreign-born residents (1 and 2) and that:
. By assuming no differences in the "dislike" parameter d F between the two groups, from equation (9) it is easy to rank their individual relative task supply:
Then the average relative supply of the overall foreign-born is the following:
and L i F is equal to the number of foreign-born residents of type i = 1, 2 and the λ(·) function has the characteristics of the φ(·) function: λ(0) = 0, λ(1) = 1, 0 < λ(·) < 1 and is monotonically increasing.
The overall supply is therefore:
An increase in g, i.e. in the fraction of less productive migrants in complex tasks, for a given f , lowers the relative supply of complex tasks more since the composition effect gives more weight to the migrants who are relatively less productive in complex tasks.
The same effects occurs in the market for the mobile factor H. Hence, the complete relationship between the relative output of manufacture-to-services is the following:
C Other Robustness Checks for the Estimation A number of robustness checks for the main empirical specifications of our model are reported in this Appendix.
First, given the fact that the number of elements in the matrix of instruments grows quadratically in the time dimension, we want to be sure that the sample we are using contains adequate information for estimation. In order to exclude that our estimation is affected by the so called "small sample bias" problem, we exploit the fact that estimating a dynamic model with OLS will produce an upward bias, while if using an FE estimator it will generate a downward bias. We use the coefficients estimated via OLS and an FE model as upper and lower bounds for our preferred estimator (GMM-sys). As reported in Table 8 and Table 9 , the autoregressive coefficient obtained through GMM-sys actually lies in the interval defined by the OLS and the FE estimates hence confirming that our sample contains enough information to ensure estimator consistency, in both value added and export regressions.
Second, given the autoregressive form of our model and the fact that the estimated autoregressive coefficient for value added dependent variable (V A man /V A serv ) is very close to one, an issue of unit roots may arise. Table 10 reports the results for the different versions of the Im-Peasaran-Shin unit-root test and no presence of unit roots seemed to be statistically significant. The same test is reported -see Table 11 -for the dependent variable based on export flows ln(EXP low /EXP high ) bringing similar results.
Finally, in Table 12 we provide a test of one assumption of the model, namely the fact Robust SE in parenthesis * p < 0.1, * * p < 0.05, * * * p < 0.01. All regressions contain time dummies. Columns (2) reports the GMM-sys results the estimated model employs two year lag on (V A man /V A serv ) and lmig it as instruments (for the latter only level equation is included); while for lM N it the set of internal instruments spans from 2 to 4 lags. P olicyDummy is included in the set of exogenous instruments as well. Robust SE in parenthesis * p < 0.1, * * p < 0.05, * * * p < 0.01. All regressions contain time dummies. Columns (2) reports the GMM-sys results the estimated model employs two year lag on (EXP low /EXP high ) and lmig it as instruments (for the latter only level equation is included); while for lM N it the set of internal instruments spans from 2 to 4 lags. P olicyDummy is included in the set of exogenous instruments as well.
that the relative wage of manufacturing to services is constant by Provinces due to constant relative output prices manufacturing/services. Since there are no data on wages at the Province level (NUTS-3) we are obliged to test it at the Region level (NUTS-2). Data source is the Survey on Household Income and Wealth (SHIW), carried out by the Bank of Italy every two years and gathering data on the incomes and savings of households. The dependent variable is constructed as the ratio between manufactures to service wages by individuals, then aggregated at regional level. We use five waves of the survey, from 1998 to 2006. Interestingly, the coefficients of all year dummy variables are not statistically significant, meaning that the distribution of regional relative wages does not change over time and not invalidating our hypothesis. Robust SE in parentheses: * p < 0.1, * * p < 0.05, * * * p < 0.01. Dependent variable is the relative wage of Manufactuers over Services; due to data availability it is computed at Region level (NUTS2) every two year.
